thine and neck reflexes of Magnus affords an infallible indication that decerebrate rigidity is present; for this is not essential to their appearance.
(3) This group consists of cases of so-called fragmentary decerebrate rigidity or posture. It includes cases of functional and organic disease, in neither of which is there any question of abolition of fore-brain or mid-brain activity. In fact the cases seem to have no common factor either anatomical or physiological. In some there is described widespread rigidity, in others rigidity of a single segment of a limb. There may be no rigidity, but just that posture of a limb or limb segment which has been remarked in less equivocal cases of decerebrate rigidity belonging to Group 2. I cannot see any justification for the use of the term in connexion with this heterogeneous group, and to continue so to employ it renders it quite meaningless. This would be unfortunate, for if we adopt a term of precision from experimental physiology, we should be careful to use it precisely.
Decerebrate Rigidity in Animals and Spasticity in Man.
By GEORGE RIDDOCH, M.D. THE application of the results of physiological experiments on animals to the elucidation of disordered functions in man has for many years proved of the greatest value. In neurology, especially, this line of investigation has borne abundant fruit and to it we are largely indebted for our present knowledge, imperfect though it is, of the physiological and anatomical basis of spasticity. The series of papers published by Sherrington and his followers since 1897, on decerebrate rigidity has stimulated neurologists, particularly in this country, to re-examine hypertonic phenomena in the light of their researches. As yet only the fringe of the problems presented has been touched but the results are most encouraging for further exploration.
It is well recognized by clinicians that muscular rigidity may appear in more than one form after disease or injury of the central nervous system. Thus, even to the crude tests employed at the bedside, spasticity in hemiplegia aiffers in important respects from rigidity in paralysis agitans and from the flexor spasticity of the lower limbs in certain cases of gross lesion of the spinal cord. So also in animals it is probable, as Sherrington believes, that other varieties of rigidity than that which follows mid-brain transection can be experimentally produced by lesions of the neuraxis. As it happens, however, investigations in the laboratory have been hitherto mainly concerned with the experimental rigidity that is unfortunately termed "-decerebrate."
The main questions therefore to be raised are the following:-(1) Is spasticity in any of the forms in which it appears in disorders of the central nervous system in man comparable to the mammalian decerebrate rigidity described by Sherrington ? and (2) If so, what is its physiological and anatomical basis ? In order to be able to assert that spasticity is identical with decerebrate rigidity it is necessary to show that they both respond to tests in the same way. To decerebrate rigidity Sherrington has ascribed certain properties most of which can be looked for at the bedside in cases of spasticity. These are:
(1) the distribution of rigidity,mainly to the extensor muscles and the resulting attitude of the body at rest; (2) the "lengthening " and "shortening" reactions; (3) the ease with which it can be temporarily inhibited in a limb by stimulation of reflex movements; and (4) absence of fatigue over long periods in the rigid muscles.
So far as clinical investigations have gone these distinctive qualities of decerebrate rigidity have been satisfactorily demonstrated in the spasticity of only three groups of motor disorders in man: (1) Hemiplegia resulting from lesions in the region of the internal capsule: (2) quadriplegica with extensor rigidity of the trunk and lower limbs and extensor or flexor rigidity of the upper limbs due to high cervical lesions of the spinal cord; and (3) paraplegia with extensor rigidity of the lower limbs following spinal lesions. It is probable that more complete examination than has up to the present been carried out will show that certain examples of generalized extensor rigidity, associated with lesions in the neighbourhood of the mid-brain, may be found to form a fourth group. In a paper entitled " Decerebrate Rigidity in Man," ' Kinnier Wilson has drawn attention to cases of this kind. But since his observations were confined to the posture of the body and limbs, the evidence upon which he based his conclusion is incomplete.
Sherrington gives the following description of the posture of a monkey after the mid-brain has been cut across behind the anterior colliculi. Wben the animal is suspended from a cradle with its limbs hanging down its head is elevated with the chin tilted forwards. There is slight opisthotonus of the spine in the lumbo-sacral region and the tail is curved upwards. The forelimbs are retracted at the shoulder-joints, straightened at the elbows and somewhat flexed at the wrists; the limbs are so rotated that the palms face outwards. Sometimes one or both upper limbs are flexed at the elbows. The hind-limbs are similarly retracted, strongly extended at the knees and to a less extent at the ankles. This attitude of generalized extension is due to tonie rigidity of the extensor muscles, their antagonists, the flexors, being mildly relaxed. The fore-limbs are more rigid than the hind-limbs and the proximal than the peripheral joints; the muscles of the fingers and toes are flaccid.
The main features of this posture and the distribution of the rigidity in the trunks and limbs were strikingly reproduced in three patients investigated by Dr. Buzzard and myself. They were examples of quadriplegia resulting from high cervical lesions of the spinal cord and the complete result of our investigations upon them are described in a paper which appears in the current number of Brain.2 In all three the trunk and four limbs were paretic, sensibility, especially postural, was gravely disturbed, the tendon-jerks were much increased, reflex movements could readily be evoked in the upper and lower limbs and the abnormal form of toe response was obtained on both sides: voluntar:y control'over the bladder and the rectum was impaired.
The trunk and limbs were rigid in extension. The upper limbs were stiffly held in a position of adduction and internal rotation at the shoulders, extension and pronation at the elbows, and flexion at the wrists. Palpation of the muscles and passive movements of the joints showed that except in the hands spasticity was general but unequally developed in opposing muscle-groups. It greatly preponderated in those muscles which, by their action, determined the resting attitude at the different joints.
There appeared to be a definite relationship between the degree of spasticity in any group of muscles and that in the corresponding antagonists; for the greater the rigidity of the one the more relaxed was the other. For example, certain muscles, such as the pectorals, were always found to be in strong tonic contraction, and in contrast their opponents were almost flabby. On the other hand, triceps was rarely so rigid as the muscles of the anterior axillary wall and biceps usually stood out well and was of firmer consistence than deltoid.
In the hands only the adductors of the thumbs were spastic. -The extreme mobility of the fingers recalls Sherrington's description of the lack of tone in the digital muscles of the decerebrate monkey.
Extension of the elbows from tricipital rigidity is the usual attitude at these joints in the laboratory preparation; but it is not invariable. Sometimes the rigidity shifts from the extensor to the flexor and the fore-limb rests in a position of flexion. The same phenomenon was sometimes observed in one of our quadriplegic patients. With the body at rest the upper limbs usually lay extended at the elbows with rigidity of the extensor and relative relaxation of the flexors. Not infrequently, however, the opposite position of flexion was encountered, and on these occasions the flexors were more spastic than the extensors. It was found that if the elbow was passively flexed and held in this position for a short time, shifting of the rigidity from the extensors to flexors often took place.
Predominant spasticity of the flexors at the elbow with a resting attitude of flexion was invariable in two other examples of quadriplegia due to lesions of the spinal cord above the cervical enlargement. The disturbance of function, as regards motion, sensation and vesical control, was altogether less than in the cases showing tricipital rigidity, and the degree of spasticity was not so great. But apart from the posture at the elbows the attitude of the rest of the body and the distribution of the rigidity was the same.
The well-known posture of the upper and lower limbs in hemiplegia, and of the lower limbs in paraplegia with extensor rigidity, are similarly the result of preponderance of tonus in certain muscle-groups with relative relaxation of their antagonists.
It may therefore be said that so far as the distribution of spasticity is concerned certain forms of quadriplegia, hemiplegia and paraplegia closely resemble the decerebrate ape. This similarity, however, is insufficient by itself to establish the physiological identity of these states of muscular rigidity. To do so other evidence is necessary. How fallacious the proof derived from posture alone may be is apparent when some of the material that has recently been brought forward as supplying instances of decerebrate rigidity in man is critically analysed. Although in strychnine, tetanus and some hysterical seizures the trunk is arched backwards and the lower limbs extended, all the muscles affected are in powerful tonic contraction. Again, pronation of the forearms and flexion of the hands are striking attitudes of these parts in the decerebrate preparation as well as in hemiplegia and quadriplegia in man. But they are usual also in chorea and are then associated with diminished muscular tone.
It is, therefore, obvious that in correlating disorders of tone in man with decerebrate phenomena in animals posture is only of value when taken in conjunction with the results of other tests.
Perhaps the most distinctive properties of tonic miiuscles in decerebrate animal preparations are the "lengthening" and "shortening " reactions. They can be demonstrated in the following way: With the animal lying on its side the observer elevates the hind-limb into the vertical position and the knee remains extended from tonic contraction of vasto-crureus. If he now passively bends the knee so as to lengthen the extensor, the leg will be held in its new position hy the muscles against the action of gravity. This is the " lengthening" reaction. When the attachments of vasto-crureus are approximated by passively extending the knee, the " shortening " reaction is evoked, the leg being retained by the steady contraction of the extensor in the position into which it has been placed. Decerebrate rigidity thus possesses a quality of plasticity and is postural in function. It is limited to one of the opposing muscle-groups acting on each joint and usually to the extensor.
These reactions can be obtained from the muscles showing predominant spasticity in hemiplegia, quadriplegia and paraplegia with extensor rigidity of the lower limbs. Thus when the lower limb is suddenly lifted from the bed by the thigh the leg is, for a time, held in a position of extension against its own weight by the reflex contraction of vasto-crureus. Moreover, the knee may be passively bent so as to lengthen the extensor, and the new position of the leg is again maintained for a considerable time. In the same way "lengthening " and "'shortening " reactions can be demonstrated in triceps or biceps when they are the seat of rigidity.
cAn experimeiit with the knee-jerk brings out the " shortening" reaction in another way. When the limb is rotated outwards at the hip and flexed at the knee and a series of taps are made on the patellar tendon, step-like extension of the leg results. During each jerk rigidity in the exte9sor muscle is inhibited, but immediately on completion of the movement it becomes re-established and the leg is held in the new position of extension by the same degree of tonic contraction as before, in spite of the shortening of the extensor. This observation demonstrates that static tone in the extensor of the knee is independent of the muscle length and the same phenomenon is found in the rigid muscle at the elbow in.quadriplegia and hemiplegia.
Just as in the decerebrate animal, however, the opponents of the rigid muscles at the knee or elbow fail to show " lengthening" and "shortening " reactions. Compared with their rigid antagonists they are relatively relaxed but they are certainly in stronger contraction than the corresponding muscles of a healthy individual. Still they are unable by their tonic action to support the weight of the segment of the limb peripherally to the joints upon which they act. Thus, when the patient is lying on his face and his leg is held by the observer in a position of flexion at the knee, as soon as it is released it falls to the be& Common to the rigidity of the decerebrate animal, and to spasticity in the discirders we are considering, is the ease with which the tonic contraction can be temporarily inhibited by excitation of reflex movements. Thus the rigid extensors are reciprocally relaxed during reflex flexion of the hind or lower limb and similar inhibition of the rigidity occurs when the flexion reflex of the fore or upper limb is evoked by harmful stimulation of the paw of the decerebrate animal or of the hand in quadriplegia in extension. In this class of withdrawal reflexes inhibition of the extensors lasts only for the duration of the flexor movement. Immediately the flexor muscles begin to relax inhibition of the extensors is replaced by excitation, so that the limb is actively thrust out and finally extensor rigidity is re-established.
These reactions, in which static rigidity is primarily inhibited, are thus biphasic, the second movement, which is opposite in effect to the first, bringing back the limb to its original position at rest.
Inhibition of static rigidity in flexors or extensors of a limb also occurs during the performance of a movement which is carried out by these muscles themselves. In this case, however, the immediate sequence of the movement is recovery of the rigidity, and the new position into which the limb has been placed is for a time maintained. Examples of such reactions are the extension reflexes of the upper and lower limbs in quadriplegia and the flexion reflex of the upper limb in hemiplegia. Finally, the persistence of spasticity is evidence that this form of tonic contraction, like experimental decerebrate rigidity, is not subject to fatigue.
The facts I have placed before you show that the hypertonus of the decerebrate mammalian preparation, and the spasticity of hemiplegia and of the quadriplegia and paraplegia in extension, respond to tests in the same way and hence may be justifiably considered to be closely related phenomena.
In regard to the physiological and anatomical basis of this form of rigidity in man knowledge derived from direct investigation is at present very limited. But the extensive researches carried out by physiologists on higher mammals,' the results of which have been summarized by Dr. Walshe, are of course extremely valuable in this connexion.
It is now generallyfrecognized that spasticity is a " release " phenomenon, and, in the disorders we have been considering, it occurs in association with stationary lesions at different anatomical levels of the central nervous system.
It is reflex in origin, being abolished in a limb the posterior roots of which have been divided, and since it is excited and maintained by mechanical muscular tension the reflexes upon which it depends are proprioceptive.
The proprioceptive reflex arcs are not spinal alone, for extensor rigidity fails to develop, as a persistent phenomenon, after complete spinal transection, although flexion and extension reflexes may return. It is true that in some cases of long duration hypertonus of the extensor muscles may be observed, but it is transitory and uncertain in development. In spinal man flexion is the usual attitude of the lower limbs at rest.
Extensor rigidity in man, as in the cat, dog and monkey, is therefore mainly dependent upon the functional integrity of connexions between spinal reflex arcs and headward centres. Animal experiments indicate that these centres lie in the pons and medulla; and one, which seems to be of prime importance, is Deiters' vestibular nucleus.
From the scarcity of accurate histological data in man identification of the afferent and efferent limbs of the prespinal reflex arcs is still mainly in the realm of speculation.
So far as we know at present extensor rigidity may appear after a lesion of either the spinal cord or of the internal capsule and neighbouring structures. The cortico-spinal tract is always injured but in addition the lesion must involve one or more extra-pyramidal descending tracts.
That spasticity does not follow damage to the pyramidal tract alone is shown by the fact that paralysis due to a lesion in the precentral region of the cerebral cortex is not usually associated with much increase of tone in the affected muscles. The occurrence of spasticity in hemiplegia is most certain with lesions of the internal capsule.
Unilateral rigidity with paralysis in animals, resulting from unilateral coronal section of the opposite cerebral hemisphere in a plane which passes through the posterior part of the optic thalamus, has been recorded by Thiele. But until his observations have been confirmed too much stress should not be laid upon them in relation to spasticity in hemiplegia in man.
In regard to the descending extra-pyramidal paths concerned with the maintenance of spasticity exact information is meagre. That the rubro-spinal tract plays no essential part is suggested by the following considerations:
(1) In hemiplegia of capsular origin this tract and its nucleus are intact;
(2) its fibres are so closely situated to, and even intermingled with, those of the crossed pyramidal tract that a lesion of the latter must almost inevitably involve both. And extensor rigidity of the lower limbs may be prominent in the presence of severe paralysis; (3) experimental rigidity of the extensors in animals appears only, or becomes most highly developed, when the mid-brain is transected behind the red nuclei.
Recently one of the quadriplegic patients already mentioned came to autopsy and the situation of the spinal lesion points to the probability of the descending limb of the pre-spinal reflex arc lying in the ventral column of the cord. The lesion which to the naked eye has the appearance of gelatinous gliosis, lies in the fourth and fifth cervical segments. It occupies the posterior columns and passes forward from the region of the posterior roots into the lateral columns. The ventral portion of the cord is relatively little affected. Histological examination of the specimen has yet to be carried out.
